The 5s performed a primary movement task and a two-choice reaction time (probe) task simultaneously. Both the number of possible actions, as conveyed by the signal, and precision of movement associated with the primary task were variables. The attention needed to perform the primary task was probed at one of several intervals following the primary task signal. Both the time and attention necessary to prepare a movement were related to the number of possible alternative actions associated with the primary task, but neither was related to the precision required to perform a movement. Conversely, the time and attention needed to complete a movement once it had begun was a function of movement precision, but not of the number of primary task signal alternatives.
Performance of perceptual-motor tasks often involves a choice from two or more response alternatives followed by movements associated with the chosen response. The present research examines the processes underlying rapid performance on such a task through a combined analysis of movement time, reaction time, and psychological refractoriness. In these kinds of tasks, information must be processed prior to the initiation of a particular movement. Further information must be processed in order to control the movement once it has begun. An initiating stimulus may provide temporal and spatial information indicating the time the movement is to begin as well as the direction of movement. Additional information necessary to control the movement is generated from the extent, precision, and speed of movement required by the task. Assuming that man has a limited capacity for processing such infor-mation, it follows that as the amount of information (either stimulus information, information generated by the movement, or both) to be processed increases, the remaining capacity available for attending to other tasks will diminish. More particularly, the processing demands of two tasks should be reflected by a degradation in performance when performed simultaneously relative to when performed alone. Fitts and Peterson (1964) and Fitts and Radford (1966) presented evidence which strongly supports the notion that the processes underlying RTM and MT 3 are independent. They studied discrete movement tasks in which 5s moved a stylus to a target in response to a signal. The major findings were that MT was a function of the required precision and extent of movement but not of stimulus uncertainty, whereas RTM was related to stimulus uncertainty but not to the characteristics of the movement.
Recent studies of psychological refractoriness (see Bertelson, 1966; Smith, 1967a; Welford, 1967 , for reviews) report that when two stimuli requiring different overt responses are presented in rapid succession, the RT to the second stimulus (RT 2 ) is a function of the magnitude of the RT to the first stimulus (RT^. Karlin and Kestenbaum (1968) and Smith (1969) report proportional changes in RT2 when RTi is manipulated by varying the number of stimulus-response alternatives associated with the first task.
As Smith (1967a) has pointed out, however, only those dual-task paradigms which allow a comparison of RT 2 when the first stimulus signals the organization of an immediate response with RT 2 when a response is not required to the first stimulus are able to specify the relative refractory delays contributed by the component operations of stimulus discrimination and response organization. Experiments by Bertelson and Tisseyre (1969) and Smith (1967b) separated the times needed for each of these two processes. In both studies, 5s were presented a first signal calling either for a key press or no response (Donders' c-reaction, 1969) , followed by a second signal always associated with an overt response. Significant delays in RT 2 were observed both when the first signal required an overt response (stimulus discrimination plus response organization) and when it did not (stimulus discrimination), with the former delay being greater than the latter. These results support the hypothesis that stimulus discrimination and response organization are separable operations and are both processed by the same central mechanism. If this interpretation is correct, it should be possible to identify some of the variables that influence each component process. Hyman (1953) , for example, demonstrated a high positive correlation between stimulus information and RT. However, the relationship between stimulus information and the component times identified above has not been determined.
Several investigators agree that processes during the interval between the presentation of a stimulus and the beginning of a response place a demand on attention, and in addition they assert that processing is also required to monitor the accuracy of the associated motor response during and possibly following its execution. This assertion arises from the finding that the reaction to a second signal is sometimes delayed even when the second signal occurs during or soon after the movement made in response to the first signal (Broadbent & Gregory, 1967; Davis, 1957; Triggs, 1968; Welford, 1959) . Posner and Keele (1969) specifically examined attentional demands during the execution of graded movements. The 5s tracked an illuminated sector of a vertical display by realigning a pointer with the target each time its spatial position changed. The tracking task was probed with an auditory signal at one of several positions: simultaneously with the visual stimulus; at intermediate positions during the movement; or when the target was reached. The increase in probe RT, from that of a control condition in which 5s did not perform the tracking task, served as the measure of attention needed to perform the primary task. Probe RT was delayed at all probe positions, particularly at the beginning and end of movement. In addition, probe RT was greater during movement to a narrow target than to a wide target. These findings suggest that movement control requires attention, and that the relative degree of attentional involvement changes systematically during movement and varies with required precision. In the Posner and Keele study, attention required for performance of the primary task was also assessed with respect to the number of possible movements and the extent of movement. However, because these two dimensions were correlated, an unequivocal evaluation of the independence of processes prior to and following the initiation of movement could not be made.
EXPERIMENT I
Experiment I (a) examined attention during rapid movements in a manner similar to that of Posner and Keele (1969) ; (b) isolated and analyzed the various component operations (including movement) of a perceptual-motor act; and (c) determined the relative attentional demands of each component process. The primary task was a rapid movement in response to a signal. The probe, or secondary activity, was a two-choice RT task. Attention allocated to the primary task was probed at several points between the initiating signal and termination of movement at a target. Attention required for the primary task was measured by increases in secondary task RT above that when performed alone.
Method Subjects
Three female and three male 5s participated in the experiment and were paid $3.00 for each of six 1 J-hr. daily sessions. The 5s ranged in age 22-35 yr. All were right-handed.
Apparatus and Task
The 5 sat at a table and rested his right forearm on a bar parallel to the floor pivoted at the elbow. The upper arm was approximately perpendicular to the forearm. Mounted on the bar was a vertical handle which S grasped and used to move the bar to the right or left. The position of the handle was adjusted such that the distance between the pivot and handle was always the length of 5"s forearm. Extending from the end of the bar and away from 5 was a steel rod .3 cm. in diameter. A segment at the end of the rod, 10 cm. in length, was bent upward 50° from the top of the table and served as a pointer. The circle described by moving the pointer had a radius of 81 cm. with its center located at the elbow. Three rectangular targets were attached to the table on a 60° arc of the circumference: one at the center of the 60° arc; one at 30° to the left; and one at 30° to the right of center. The targets were 12.7 cm. in height, joined the table at the same angle as the pointer, and in order to allow clearance between the pointer and target, were 81.3 cm. from the pivot. Two widths of targets were used. The narrow targets were 1.3 cm. wide and the wide targets were 7.6 cm. in width. A wooden cover 15.2 cm. above the table prevented 5 from seeing his forearm but did allow him to see the pointer and targets.
The stimulus display for the primary task was located 10 cm. behind and 5 cm. above the center target. It consisted of a circular 4-cm.-diam. plastic screen with three colored 6-v. light bulbs positioned around it: one above used as a warning signal and one to each side used as error signals. The screen could be illuminated from behind by one of three colored 6-v. bulbs: blue, red, or white. The color specified the direction S was to move the pointer. On some trials, depending on the experimental condition, signals were presented which indicated that a movement was not to be made.
Each trial was triggered when 5 moved the pointer to the center position. Two seconds after the pointer reached center, the warning light was presented for 500 msec. The directional signal, conveyed by illumination of the screen, followed the offset of the warning light by 1 sec. and remained on until S moved the pointer to the indicated target and back to center again, at which time a new trial was initiated.
On trials requiring a movement, a high or low tone of 1,500 Hz. or 450 Hz., respectively, and 350 msec, in duration was presented to 5 through earphones. The tone occurred randomly with equal probability at one of nine possible probe positions following the onset of the directional signal. The positions were: 100 or 150 msec, after the directional signal; simultaneously with the beginning of movement; at i, j, or f of the spatial distance to the target; at the inside edge of the target; and 70 or 130 msec, after the target was reached. For the 100-and 150-msec. probe positions the tone • always occurred before S responded to the visual signal. When the directional signal called for no movement, the tone followed the signal by 100, 150, or 500 msec. The S, using his left hand, pushed a two-way toggle switch forward in response to the high tone and backward to the low tone. Whenever an error was made in responding to the tone the error light to the left of the screen came on. Similarly the error light on the right was illuminated whenever S moved the pointer in the wrong direction or whenever S moved when the signal called for no movement.
The control and recording equipment were located in an adjoining room. Timing and presentation of stimuli were automatically controlled by an assembly of solid state logic circuits programmed by a fivechannel tape reader. The E recorded RTM and MT for the movement to the nearest .01 sec. from two Standard timers. Reaction time to the tones (RTT) was automatically timed and recorded to the nearest millisecond by a Hewlett Packard (5212A) electronic counter and digital recorder (Model 562A). The printout of the recorder also indicated erroneous responses and omissions of response to the tone. A Gibson polygraph was used to record an analogue of the movement in order to detect overshoots of the target. The E manually recorded directional errors for the movement which were observed from a duplicate of the display viewed by S.
Experimental Conditions
Four levels of directional uncertainty and three levels of movement precision were used. In the six experimental conditions listed in Table 1 , a single level of directional uncertainty crosses all three levels of precision, and a single level of precision crosses all four levels of directional uncertainty.
In Table 1 , a stimulus calling for movement away from the center position to the left is abbreviated by L, to the right by R, and a stimulus signaling that no movement is to be made is represented by C. The letters N, W, and S refer to narrow target, wide target, and no target or stop conditions, respectively. Thus, LCR:N represents the situation wherein one of three possible signals will be presented on any given trial calling either for no movement, or move-merit to the left or right to a narrow target. In the only stop condition (LC:S) the left target was replaced by a mechanical stop, which stopped the bar and pointer precisely where the inside edge of the target would be. A narrow target remained at the center position for all conditions, since its only function was to help 5 accurately realign the pointer at center at the beginning of a new trial.
Directional uncertainty is denned both by the size of the set of possible signals from which one signal was selected and presented to 5 and by the nature of the action indicated by the signal. For example, LCR involves more uncertainty than does LR because 5 must discriminate between three stimuli rather than two. Also, LR is more uncertain than LC because in the former condition 5 did not know in which direction he would be required to move prior to the signal, whereas he could be sure of the direction in the latter. In Table 1 , therefore, uncertainty decreases from LCR through L. Precision of movement is denned by target width. The S condition required no precision, the N condition required the most precision, and the W condition required an intermediate degree of precision.
In the control condition, which served as a base line for assessing the attention required by the primary task, S responded to the tones for LR: N while E performed the movements. In all other respects the control was identical to the LR:N experimental condition.
Each of the colors signaling left and right or left and center for the LR:N and the three LC conditions occurred randomly with equal probability. For LCR:N each signal was presented on J of the trials. Condition L: N differed from the other conditions in that the signal directed 5 to move to the left target on all trials. Uncertainty with respect to when the movement was to begin was also eliminated by allowing 5 to delay responding following the signal until he felt well prepared to perform the movement. For this reason the 100-and ISO-msec. probe positions were not used in the L: N condition. For all conditions except L:N, a tone was presented 4 times at each of the nine probe positions on trials for which a movement was made, and 12 times at each of the three probe positions for trials where 
Procedure
All 5s. participated in six daily sessions. During each session S performed all seven conditions including the control. The order of the experimental conditions during a session was randomized with the restrictions that none of the six sessions began or ended with the same condition and that each S began with a different condition on the first day. The control condition was first for three of the sessions and seventh for the remaining three sessions. Each 5 was assigned one of the six possible pairings of the three signal light colors with left, right, and center and retained the assignment for all six sessions. At the beginning of each session S performed 27 practice trials of LCR:N.
For signals calling for a movement, S was instructed to begin moving as soon as possible upon seeing the signal and to move to the indicated target (or the stop) as rapidly as possible. When the signal did not require a movement, 5 was instructed not to move the pointer from the center target. He was informed that either a high or low tone would occur at one of several points following the signal on every trial and that he was to respond as rapidly as possible by moving the toggle switch forward for a high tone and backward for a low tone. The instructions for the L:N condition stressed that 5 need not begin moving as soon as the signal appeared, but that in fact he should always wait until he felt he was prepared to perform the movement before responding.
It was possible for S to commit three types of errors. A direction error consisted of moving in a direction other than that indicated by the signal or moving from center when the signal required no movement. In both cases an error was indicated when the pointer was moved .6 cm. from the midline of the center target. An overshoot error was recorded whenever movement of the pointer beyond the outside edge of the target exceeded .1 cm. An error in response to the tone involved moving the toggle switch forward instead of backward, or the converse. After each condition, 5 was informed of the number of each type of error he had made. If the error rate exceeded 5% of the total number of trials for any one of the three types, S was required to repeat the condition. Each 5 was informed that five other 5s were participating in the experiment and that the fastest 5 would receive a bonus of $5.00 in addition to his pay for participating.
Results and Discussion
Data analyses were performed on reaction times and movement times for the six 5s over Days 2-6. The purpose of the first session was to familiarize 5s with the task, and the data were not analyzed. Because 5s were much more practiced on movements to the left of center than to the right, only data from left movements were analyzed. Each point on Figure 1 and Figure 2 is the mean of 120 measurements for all conditions over Days 2-6 except L:N, where each point represents data from 180 trials. The same numbers apply to Figure 3 for trials when a movement was required. For those trials not calling for a movement, each point is the mean of 360 probe reaction times. The data to follow need no reinterpretation with respect to errors, since errors were infrequent and did not differ significantly between conditions for any of the three types of errors, F < 1 for direction and overshoot errors; F (6, 36) =2.17 for tone errors.
Reaction Time Component of Task (RTM) Movement
Mean RTM as a function of probe position is summarized in Figure 1 . The points at 100 and 150 represent RTM when the probe occurred 100 and 150 msec, after the signal for movement, and the points at 0 are RTMs when the probe occurred simultaneously with the beginning of movement. The positions f through T signify the spatial position at which the probe occurred during the movement, with T being the inside edge of the target. The remaining two positions, T-70 and T-130, indicate that the probe occurred 70 and 130 msec, after the target was reached.
Since movement had already begun at Probe Position 0 and beyond, presentation of the tone could not influence RTM for these positions. Data for Positions 0 through T-130, therefore, were used as the base line for determining whether or not the tone interfered with RTM when the probe was presented before movement began at Positions 100 and 150. For each condition, every point on the graph for Positions 0 through T-130 represents the mean over all seven positions.
An analysis of variance of the base-line data revealed significant differences in RTM across the five conditions, F (4, 20) = 37.72, p < .01. Two linear contrasts were used to test the predicted effect of directional uncertainty on RTM, and Scheffe's procedure (see Myers, 1966, p. 333 ) was used as a post hoc test of the effect of precision on RTM. The first comparison showed RTM for LCR:N to exceed that ofLR:N, F (1, 20) = 42.30, p < .01. The mean difference in RTM between LR:N and LC:N was in the expected direction, but failed to reach significance, F (1, 20) = 3.30. Scheff6's procedure failed to indicate significant differences between LC: N, LC:W, and LC:S. These tests suggest that RTM is influenced by the number of alternative actions, but not by the accuracy required by the movement. This observation supports the earlier findings of Fitts and Peterson (1964) .
A second analysis of variance failed to indicate a significant difference between mean base-line RTM, and the mean of RTM at Probe Positions 100 and 150, F (1, 5) = .20. Thus, since the probe had little effect on primary task performance, the processing demands of the primary task during the RTM interval can be assumed to be accurately reflected by probe RT.
Movement Time Component (MT)
It is evident from Figure 2 that MT increases with the required accuracy of the movement. An analysis of variance over all conditions for Positions 0 through T-130 Inspection of the plotted functions reveals that MTs for the four narrow target conditions may differ significantly, with LCR:N and LR:N producing slightly longer MTs than LC:N and L:N. A contrast weighting the means for LCR:N and LR:N equally at 1 and LC:N and L:N equally at -1 was tested by Scheffe's procedure. The contrast was found to differ significantly from zero (p < .05), suggesting that MT varied with directional uncertainty for the narrow target conditions.
T-70 T-I30
The results of the statistical analyses for conditions indicate a very large effect of precision and a smaller but significant effect of uncertainty. The decrease in MT observed in LC:N and L:N relative to LCR:N and LR:N may have resulted from repetitions of the same movement throughout in the former two conditions rather than being related to differences in stimulus uncertainty. A study by Fitts and Radford (1966) supports this interpretation. They report that MT remains relatively constant over a series of left and right arm movements regardless of whether S is to respond as quickly as possible to the random presentation of one of two directional signals or is given unlimited time on each trial to prepare to move in a particular direction.
The small but significant effect of probe position suggests that the probe may have influenced MT. Such an interpretation is difficult to accept, however, since it would follow that the probe slightly facilitated performance on the primary task. The base-line data for MT are Probe Positions T, T-70, and T-130. A probe at these positions could not have influenced MT since it would have occurred after MT had been measured. Mean MT for all conditions across Positions 0, i, 3, and f is 255 msec., and for the base-line positions is 258 msec., a difference of only 3 msec. A more likely interpretation, therefore, is that the effect is spurious.
Reaction Time to the Tone (RTT)
The RTT data are presented on two separate graphs in Figure 3 . The left portion of Figure 3 represents data from trials on which a movement was made, and the graphs to the right are means of trials that did not require a movement. Results and discussion of the no-movement trials will be deferred until after the data for the trials requiring a movement have been presented. Several preliminary observations may be made from Figure 3 . Probe RT is inversely related both to the temporal interval separating the visual signal and probe (Positions 100 and ISO) and to the proportion of the distance moved at the time the probe occurred (Positions 0 through T). The separation of the narrow target conditions at Positions 100 and 150 suggests that the attention needed for processes prior to beginning a movement increases with directional uncertainty. Similarly, the differences between the N, W, and S conditions over Probe Positions 0 through T suggest that attention necessary for movement execution increases with the required accuracy of the movement. The separation of the narrow target conditions at probe positions during the movement is quite small implying that the attention needed during the movement is unaffected by the uncertainty associated with the signal for movement initiation.
Probe Positions 100 and 150. An analysis of variance on RTT for Probe Positions 100 and 150 over all conditions except L: N yielded F (5, 25) = 12.72, p < .01, for conditions; and F (I, 5) = 12.25, p < .05, for positions. The interaction between conditions and positions was not significant, F (5, 25) = 2.26. Dunnett's test (see Myers, 1966, p. 103) showed all experimental conditions to differ from control RTT (p < .05), indicating that all conditions required attention during the RTM component.
In an effort to assess independently the effects of uncertainty and precision, two further analyses were run. The first analysis confirmed the indicated differences for the three narrow target conditions, F (2, 10) = 10.11, p < .01, which implies that attention during the premovement phase increases with the information conveyed by the stimulus. A second test indicated that RTT for LC:N, LC:W, and LC:S differed significantly, F (2, 10) = 7.12, p < .01, suggesting the possibility that attention during RTM is also a function of the accuracy required by the movement. If this were the case, however, there should also have been significant differences in RTM between the LC conditions. Another interpretation is that probe RT at Positions 100 and 150 may reflect both the attention allocated to the primary task at the time the probe occurred and the attention required during early phases of movement, since 5s had already begun the movement before they were able to respond to the probe. Assuming that the attention demanded prior to movement was equal for all LC conditions, but that LC:S and LC:W required less attention than LC:N once movement had begun, the response to the tone could follow the beginning of movement much more quickly for LC:W and LC:S than for the narrow target conditions. According to this interpretation, attention during RTM is a function of stimulus information rather than of the characteristics of the subsequent movement.
The significant decrease in RTT from Position 100 to 150 is a typical finding in studies of the psychological refractory period. A common interpretation of such results is that a central mechanism is unable to complete processing of the probe until processing of the primary signal has been completed, thus resulting in a decrease in probe RT as the separation of primary and probe signals is lengthened (Smith, 1967a) .
Probe Positions 0 through T. The analysis of variance over all conditions revealed conditions, F (5, 25) = 50.37, p < .01; positions, F (4, 20) = 32.54, p < .01; and their interaction, F (20, 100) = 12.05, p < .01, to be significant. Dunnett's test indicated that RTT for all conditions except LC:S was greater than control RTT (p < .05). The significant position effect, in conjunction with the graphical representation, points out that movement execution requires relatively more attention early in the movement than later in the movement.
A contrast weighting the means of Conditions LC:S and LC:W equally at -1 and LC: N at 2 was significantly greater than zero, F (1, 25) = 11.23, p < .01, indicating that the attention needed while moving to a narrow target is greater than that required for the less precise movements. An analysis of variance of the data for the narrow target conditions revealed no significant effects of directional uncertainty, F (3, 15) = 2.46. This finding suggests that any processing associated with the stimulus, such as deciding which movement to execute, is completed by the time movement begins. This is clearly demonstrated at Position 0, where all conditions lie within 20 msec, of each other even though uncertainty varies from none (L:N) to a three-alternative case (LCR:N). Taken together, these results support the interpretation that attention needed during a movement is a function of the accuracy of the movement, but not of directional uncertainty.
The difference in RTT between LC:W and LC:S was not significant, F (1, 30) = 1.44, yet, as shown in a previous section, they did differ with respect to MT. Mean MT was 156 msec, for LC:W and 67 msec, for LC:S. Keele and Posner (1968) reported that accuracy of movement for MTs less than 190 msec, is not facilitated by visual feedback. In light of their finding, movements for both LC:S and LC:W were performed in the absence of visual control. However, some form of control was evidently used (e.g., kinesthetic) for LC:W, since 5s found it necessary to move much more slowly for LC:W than for LC:S where no accuracy was required. The intriguing possibility exists that highly practiced movements which can be executed accurately in the absence of visual control may become automated in the sense that they require very little processing capacity. The degree of attention for such movements should not vary with MT whenever MT is below some minimal value. In fact, slowing such a movement sufficiently below maximal performance might allow visual feedback to "capture" the single channel and effectively reduce the attention available for a second task.
Probe Positions T, T-70, and T-130 . An analysis of variance revealed the effect of conditions, F (5, 30) = 10.93, p < .01, and positions, F (2, 10) = 12.15, p < .01, to be significant. The interaction failed to reach significance, F (12, 60) = 1.26. The RTTs for all four narrow target conditions exceed control RTT as indicated by Dunnett's test (p < .05). The other two conditions, LC:W and LC:S, did not differ significantly from the control. Hence, when a high degree of precision was necessary, attention was still required for the primary task after the movement had been completed, although it was minimal relative to that required at earlier probe positions. The significant position effect as well as the trend for RTT to decrease across the three probe positions T, T-70, and T-130, as seen in Figure 3 , indicates that attentional requirements are greatest when the target is reached and decline thereafter.
The inflection in the RTT function for LC:S at Probe Position T probably reflects the distraction and/or noise accompanying the bar hitting the stop after a very rapid movement. All 5s indicated that discriminating the tones was more difficult when the probe occurred at the same time the stop was reached.
RTT for trials not requiring a movement. Three points are immediately obvious from the data illustrated on the right-hand portion of Figure 3 . First, there is a definite delay for all conditions relative to control RTT (represented on the left portion of Figure 3 ) at Positions 100 and 150 (p < .05, using Dunnett's procedure). Second, the delay is greater for LCR:N than for the LC conditions, F (1, 20) = 43.35, p < .01, for a contrast weighted -1 for all LC conditions and 3 for LCR:N. Finally, RTT following a no-movement signal is independent of the precision condition in which the signal is embedded. An analysis of variance for LC:N, LC:W, and LC:S failed to indicate significant differences, F (2, 10) = 1.54.
When a signal must be discriminated from others, even when it does not call for overt action, it requires processing capacity. Furthermore, the relative degree of attention necessary for stimulus discrimination increases with the size of the stimulus set but is unrelated to the precision condition in which a no-movement trial occurs. These results support the hypothesis that two component processes intervene between a signal and its response, one associated with stimulus discrimination and the other with organizing the response. Sternberg's (1969) systematic investigation of additive components of choice RT also supports this interpretation. A possible interpretation of other data, however (Broadbent & Gregory, 1962; Sanders & Keuss, 1969) , is that on those trials not requiring an overt response in c-reaction paradigms, a decision not to respond is made which entails the organization of a covert response. According to this reasoning there is no need to propose the earlier process of stimulus discrimination. Evidence in opposition to such an interpretation of the present results, however, is the difference in RTT at Positions 100 and 150 for LC:S when a movement is required, as compared with LC:S for the no-movement trials. It was shown that LC:S did not require S's attention once movement had begun. The only major difference between the L and C signals for LC:S is that an ungraded movement was made in response to L. An analysis of variance for Positions 100 and 150 for L and C of LC:S and the control RTT showed conditions, F (2, 10) = 25.26, p < .01, and positions, F (1, 5) = 20.86, p < .01, to be significant. A contrast comparing L and C at Positions 100 and 150 indicated that significantly more attention is demanded when a signal calls for an ungraded movement than when an overt response is not required, F (1, 10) = 20.50, £ < .01.
EXPERIMENT II
In Experiment I, RTT was a decreasing function of probe position following the onset of movement for all experimental conditions. Probe RT did not increase near the target, as was reported by Posner and Keele (1969) . In their experiments 5 was allowed to overshoot and then make a corrective movement back to the target.
It is conceivable that in this situation S may have released attention in the interval following the onset and preceding the termination of movement, at which point attention was once again refocused on the primary task to check the accuracy of movement. Such a strategy could result in a U-shaped probe function. When 5s are instructed not to overshoot, as in Experiment I, their strategy could be quite different in that they might maintain a relatively high level of attention throughout the movement to ensure terminal accuracy. In Experiment II no limit was set on overshoots, but 5s were instructed to make a correction if they moved beyond the target.
Method Subjects
One male and three female 5s were hired through the University of Oregon Employment Service and paid $1.50 for each of the two 45-min. sessions. All 5s were right-handed.
Apparatus and Task
The apparatus and task were identical to those in Experiment I.
Procedure
Only one experimental condition, L:N, was used. During both sessions 5 performed the L: N condition (42 trials in length) twice in succession followed by the control. The control condition was also L:N, but 5 responded only to the tones while E performed the movement. Each session was begun with 14 practice trials of L: N.
The instructions were the same as those of Experiment I for L: N except that 5 was told that he was to minimize the time spent between leaving the center position and stopping at the midline of the left target. Speed of movement was stressed and it was explained that overshoots were of no consequence as long as they were corrected. As before, the allowable rate for tone errors was 5%.
Results and Discussion
In Figures the target. Thus any additional time used for correcting an overshoot error was not included in the analysis. The proportion of the total number of trials that were overshoots was .43. An analysis of variance revealed MT for overshoots to be significantly less than for nonovershoots, F (1, 3) = 11.22, p < .05. Neither positions, F (6, 18) = 1.13, nor the Accuracy X Position interaction, F (6,18) = .69, was significant. In Figure 5 , RTT can be seen to be greater for overshoots than for nonover- shoots after Probe Position J. The function for overshoots has positive inflections at Positions 5 and T-70. An analysis of variance performed on the data for overshoots and nonovershoots indicated all effects to be significant, yielding F (1, 3) = 90.18, p < .01, for an effect of accuracy; F(6, 18) = 16.23, £ < .01, for position; and F (6, 18) = 2.84, p < .05, for the Accuracy X Position interaction. Movements that resulted in passing the target were faster but required more attention than more accurate movements. One possible interpretation is that shortly after the movement was initiated, S in some sense realized the target was going to be missed and immediately began to prepare a correction. According to the criterion set by Keele and Posner (1968) , movements which resulted in overshoots in the present experiment were sufficiently fast to rule out corrections enacted on the basis of visual feedback. However, they suggest that in the absence of visual feedback "the actual motor commands issued to the muscles are compared to the intended motor commands and adjustments are made on the basis of discrepancies [Keele & Posner, 1968, pp. 157-158] ." Thus it is possible that any' attention diverted for correction could have brought about the inflection in probe RT observed midway in the movement. The fact that the AccuracyXPosition interaction for the RTT data was significant lends some credence to this interpretation.
Although the reasons for the dissimilarities noted between the probe functions of Experiment I and those reported by Posner and Keele (1969) have not been completely specified, Experiment II quite clearly demonstrated that very rapid but inaccurate movements and the resultant corrections require more attention than do more accurate but slower movements. In addition, none of the RTT functions in Experiment I showed an upward inflection as did the overshoot RTT data on Figure 5 . Perhaps 5s in the present experiment were forced to begin their corrective adjustments earlier in the movement than were 5s in the Posner and Keele experiments since MT was on the order of 200 msec, faster than that reported in their study for comparable target sizes.
GENERAL CONCLUSIONS
The results of Experiment I indicate that the two temporal components of a perceptualmotor act, RTM and MT, are influenced quite independently by the uncertainty associated with the signal for movement and the accuracy required by the movement. These findings are in close agreement with those of Fitts (Fitts & Peterson, 1964; Fitts & Radford, 1966) , and support the general conclusion that selection and execution of a particular movement are performed by relatively independent processes. This conclusion is given additional support by the RTT data. The finding that RTs to probes presented during movement do not vary with stimulus information indicates that once a movement has begun, processing of stimulus information has terminated and attention has been focused on the movement.
The probe technique served the dual purpose of separating component processes and measuring the relative degree of attention required for each. Probe RT exceeded control RTT at Probe Positions 100 and 150 whether a movement was or was not required in the primary task. Probe RTs following a signal for movement were greater than those following a no-movement signal, even when attention was not needed to execute the movements. Finally, an analysis of probe RT on no-movement trials suggested that response organization and stimulus discrimination are separate processes and that attention is allocated for both.
Somewhat less attention is needed during the execution of a graded movement than that required for processes preceding movement initiation. The relative degree of attention necessary for monitoring movements is systematically related to the accuracy of the movement and to the position sampled in the movement. Probe RT increased with precision of movement and decreased steadily from the beginning to the end of the movement. A small but significant amount of attention is also presumably allocated to monitor terminal accuracy of movement, since all narrow target conditions differed from control RT when the primary task was probed after the target had been reached.
